Doc Ref. FP49 
Appl. No. 10/728,872 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World InteUectual Property 
Organization 

International Bureau 

(43) International Publication Date 
29 September 2005 (29.09.2005) 




PCT 



IIIIIMIIIII llll IIIMI lllll Mil II III 

(10) International Publication Number 

WO 2005/090051 Al 



(51) International Patent Classification 7 : B29C 45/27 

(21) International Application Number: 

PCT/EP2005/051385 

(22) International Filing Date: 24 March 2005 (24.03.2005) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

RM2004A000154 24 March 2004 (24.03.2004) IT 

(71) Applicant (for all designated States except US): SJ.PA. 
SOCIETA INDUSTRIALIZZAZIONE PROGET- 
TAZIONE E AUTOMAZIONE S.P.A. [IT/IT]; Via 
Caduti del Lavoro 3, 1-31029 Vittorio Veneto (IT). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): ZOPPAS, Matteo 



[IT/IT]; Via XX Settembre, 122, 1-31015 Conegliano (IT). 
GIACOMAZZI, Denis [IT/IT] ; Via Garibaldi 41/B, 31010 
Cimadolmo. VENDRASCO, Luca [IT/IT]; Via Brescacin 
15, 1-31012 Cappela Maggiore (IT). COROCHER, Carlo 
[IT/IT]; ViaMaset 30/C, 1-31015 Conegliano (IT). 

(74) Agents: CINQUANTINI, Bruno et al.; Notarbartolo & 
Gervasi S.p.A., Corso di Porta Vittoria 9, 1-20122 Milan 
(IT). 

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, 
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG, 
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SM, S Y, TJ, 
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, 
ZM, ZW. 

[Continued on next page ] 



(54) Title: INJECTION DEVICE 



< 
m 

in 
O 




(57) Abstract: A nozzle comprises a hollow element compris- 
ing a recess and an injection hole (6) to inject fluid plastic into 
a mould, a heating tip which penetrates inside the recess and 
forms, together with the recess itself, a holding cavity (5) into 
which the channels (14) run. The holding cavity (5) comprises 
a narrow section (52) which separates the holding cavity (5) 
into a rear portion (51) and a front portion (50), in order to re- 
duce or completely prevent exchanges of fluid plastic between 
the two areas. 



BEST AVAILABLE COPY 



WO 2005/090051 Al lllll IIIIIIIN II lllll lllllllll 111 lllll'llll llll 



(84) Designated States ( unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, Ml), RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, 
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, 
GQ, GW, ML, MR, NE, SN, TO, TG). 



Declaration under Rule 4.17: 

— of inventorship ( Rule 4. 1 7( iv) ) for US only 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the FCT Gazette. 



WO 2005/090051 



1 



PCT/EP2005/051385 



INJECTION DEVICE 
Field of the invention 

The present invention relates to a device for the moulding of injectable materials, 
in particular plastic, to prevent or in any case reduce contamination of the moulded 
5 objects when passing from moulding of one injectable material to moulding of a 
different material, for example during work changeovers between two different 
production batches. 
Prior art 

In the so-called "hot runner technique" for injection moulding of plastic, the molten 
10 plastic coming from the plastification screw is conveyed to a heated cavity - the 
"hot half - from which a series of channels branch off which convey the plastic to 
each of the cavities or moulding impressions of a mould. 

The molten plastic is therefore injected into the individual moulding cavity via an 
injection terminal comprising a heating tip fixed on a tip holder support by means 

15 of a centring ring nut 

When the mould is in the injection position, the tip normally extends inside a 
roughly cylindrical temperature-maintaining cavity formed by the die of the mould. 
The tip holder support has the function of conveying the plastic and keeping it hot, 
by means of an electrical resistance if necessary, inside the holding cavity. 

20 The centring ring nut has the function of centring the tip end with respect to the 
injection hole, which is often relatively small, less than one millimetre, fixing the tip 
and preventing leakages of molten plastic which would otherwise come out of the 
holding cavity. 

The tip can have different shapes according to the type of plastic injected and has 
25 the main function of maintaining the plastic to be moulded in a fluid state in an 
area not heated by electrical components. In fact, by conveying the molten plastic 
from the holding cavity to the moulding cavity of the mould via a small enough 
injection hole and, more generally, by appropriate thermal design of the injection 
terminal, it is possible to achieve the so-called "thermal break" of the sprue, i.e. 
30 avoid or in any case considerably reduce the formation of sprues, moulding 
witness marks or other unsightly defects at the injection point (or points) of the end 
plastic object moulded, so that the limit between the plastic which always remains 
in the molten state in the holding chamber and the plastic of the moulded object 
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that solidifies is located at the exact level of the injection hole. 
The tip is therefore generally made of a material with good heat conductivity. 
Once the mould has been fitted, during operation the molten plastic fills all the 
cavities including the maintaining cavity, solidifying near cold walls -like those of 
5 the die - and remaining liquid near the hot walls - like those of the tip. 

During the injection phases plastic recirculation can occur in the holding cavity, i.e. 
molten plastic can flow from the channel inside the tip into the holding cavity and 
from there next into the moulding cavity. 

This phenomenon is particularly problematic during work changeovers when 
1 0 switching from plastic of one colour to another in this case traces of plastic of the 

old colour can flow out of the holding cavity, even after several moulding 

operations at the beginning of the new work batch, and said traces contaminate a 

certain number of moulded products until the phenomenon recedes. 

The phenomenon of recirculation is harmful also when moulding plastic materials 
15 that are particularly sensitive to deterioration: when a certain amount of plastic 

remains at length in the holding cavity, it can deteriorate and be slowly released, 

contaminating the moulded end products. 

To solve said problems "jigs" have been suggested in the form of bushes made of 
a plastic which melts at a higher temperature than that of the holding chamber and 
20 having the form of said cavity. In this way the "jig" fills all the cavity and does not 
allow the molten plastic to occupy it 

Some drawbacks of this solution include deterioration of the jigs due to the high 
operating temperatures, for example, the relatively high cost of the jigs themselves 
and the need for periodical machine standstills to replace them. 
25 The aim of the present invention is to provide a device for the injection of plastic 
materials which prevents or in any case reduces the phenomenon of recirculation 
described above and represents an improvement on the injection devices currently 
known. 

Summary of the invention 

30 Said aim is achieved, according to the present invention, by a device for injection 
moulding, comprising: 

- a hollow die provided with a recess and at least one injection hole in an area of 
said recess, where said at least one injection hole is adapted to inject the material 
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to be moulded into a cavity of a mould; 

- at least one heating tip which extends inside the recess forming, together with 
the recess itself, at least part of a holding cavity, where the tip is designed to heat 
the material to be moulded possibly contained in the holding chamber; 
5 - feed devices designed to convey the material to be moulded into the holding 
chamber. 

Said device is characterised in that the holding cavity comprises a narrow section 
which separates a rear area of the holding cavity, farther from the area or areas in 
which the feed devices introduce the material to be moulded into the holding 

1 0 cavity, from a front area of the holding cavity, nearer to the area or areas in which 
the feed devices introduce the material to be moulded into the holding cavity, 
where the passage sections via which the injectable material can pass into the 
holding cavity at the narrow section are substantially smaller than the passage 
sections upstream and downstream of it and at least in the surrounding area. 

15 In this way it is possible to separate the maintaining chamber into two portions, 
one with a very good rapid turnover of fluid material to be moulded, and the other 
with a turnover that may be poor or even zero; the narrow section reduces or 
completely prevents the exchange of fluid material to be moulded between the two 
areas, thus reducing the phenomena of recirculation and contamination of the 

20 moulded parts when a new production batch is started using a different material to 
be moulded, for example a different type of plastic. 

Further advantages that can be obtained with the present invention will become 
more apparent, to a person skilled in the art, from the following detailed description 
of a particular embodiment given by way of non-limiting example, with reference to 
25 the following figures. 
List of Figures 

Figure 1 shows schematically a side section view of a first embodiment of an 
injection device according to the present invention; 
Figure 1 A shows schematically an enlarged detail of Figure 1 ; 
30 Figure 2 shows an exploded schematic perspective view of the tubular hose and 
central body of the heating tip of the device of Figure 1 ; 

Figures 3 and 4 show respectively a side view in section of a second and third 
embodiment of an injection device according to the present invention; 
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Figure 5 shows schematically a section view of a detail of the device of Figure 4, in 
a particular operating condition; 

Figure 6 shows schematically a further enlarged detail of the view of Figure 5. 
Detailed description of the invention 
5 Figures 1 , 1 A and 2 relate to a first embodiment of an injection device according to 
the present invention; in said embodiment the injection device comprises a tip 
holder support 4 and a heating tip fixed on it by means of the centring ring nut 3. 
The heating tip comprises a body 2 inside which there is provided a channel 8 
adapted to be connected, via appropriate ducts, to a hot half of a mould for 
10 injection moulding of plastic materials. The reference 7 indicates the end of the 
channel 8 on the side of the hot half. 

The reference 13 indicates a hollow die nearest to a moulding cavity - not shown - 
of the mould. 

During injection the plastic material coming from the hot half of the mould via the 

15 internal channel 8 comes out of the body 2 through the outlet orifices 14 and, 
guided by the conical walls of the recess 16 of the die, reaches the injection hole 6 
and then the moulding cavity designed to give the moulded object its final form. 
The tip holder support 4 and the body 2 in this embodiment are heated by 
appropriate electrical resistances (not shown) in order to maintain in a fluid state at 

20 least the majority of the plastic that fills the holding cavity 5, which surrounds the 
body 2 and is defined by the walls of the recess 16, the body 2, the centring ring 
nut 3 and the tube 1 - the latter described in greater detail below. 
As already mentioned, the suitably small size of the injection hole 6 and 
appropriate thermal sizing in general permit the above mentioned "thermal break" 

25 of the sprue or witness mark of the moulded parts. 

According to the present invention, on the end of the heating tip nearest the 
injection hole 6 and the outlet orifices 14 a tubular body 1 is fitted - in the present 
embodiment example a tubular hose or simply hose - the open end of which 17, 
nearest the injection hole, forms together with the walls of the recess 16 a narrow 

30 section 52 (Figure 1A) which divides the holding cavity 5 into two portions, a front 
portion 50 - nearer the outlet orifices 14 and the injection hole '6 - and a rear 
portion 51, farther from the outlet orifices 14 and the injection hole 6; the passage 
sections through which the fluid plastic can pass into the holding cavity 5 at the 
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narrow section 52 are substantially smaller than the passage sections upstream 
and downstream of it and at least in the surrounding area. 
In the present embodiment the tube 1 and the wall of the recess 16 have a 
substantially axial-symmetrical form with respect to the longitudinal central axis AL 
5 (Figure 1A) of the heating tip, and therefore the narrow section 52 has a 
substantially ring-shaped form, also axial-symmetrical. 

In the present embodiment example the tube 1 forms a cylindrical wall 53 which 
surrounds the outlet orifices 14 of the tip, extends downstream of them towards 
the injection hole 6, thus positioning the narrow section 52 downstream of the 

1 0 outlet orifices 14; in this way the front area 50 of the holding chamber 5 is washed 
very effectively by the flow of molten plastic material coming out of the orifices 14, 
ensuring a very rapid turnover of said molten plastic in the front portion 50; the 
rear portion 51 on the other hand, since it is relatively isolated from the narrow 
section 52, has a much lower turnover of plastic with the front portion 50. 

1 5 Preferably the tube 1 is made of a material with relatively low heat conductivity and 
in any case lower than that of the body 2 - or in any case of the central body of 
the heating tip around which the tubular hose is fitted - so that the plastic 
accumulated in the rear portion 51 tends to solidify more than the plastic present in 
the front portion 50; this further reduces, or totally blocks, the mixing and 

20 exchange of plastic between the front and rear areas and leads in some cases to 
the formation of an actual solidified plastic sleeve in the rear portion 51 . 
An example of a situation that can be obtained in a device according to the 
present invention is shown in Figures 5 and 6: in the particular operating condition 
shown in said figures the plastic to be injected is solidified in the area nearest the 

25 wall 16 of the recess of the die, creating a roughly cylindrical external sleeve PL of 
solidified, or in any case more viscous, plastic. Near the walls of the body 2, which 
are warmer, the plastic to be injected remains liquid or in any case more fluid 
(reference PL). In the particular operating situation of Figures 5, 6 the solid plastic 
sleeve PS completely plugs the narrow section 52, preventing ail exchange of 

30 fluid plastic between the front portion 50 and the rear portion 52 of the maintaining 
chamber. » 

However, other situations and operating modes are possible, while remaining 
within the protective scope of this invention. 
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In this way it has been found that the problem of recirculation of plastic 
accumulated in the maintaining chamber 5 is considerably reduced, in particular 
the phenomenon subsequent to a work changeover, when switching for example 
from moulding of plastic in one colour to moulding of plastic in another colour: 
5 according to the teachings of the present invention, far fewer moulding operations 
are required to purge the system than without the tube 1, in order to obtain 
moulded pieces without coloured streaks or in any case without traces of plastic 
from the previous batch. 

With respect to the known solution of the "jigs" or plastic bushes with higher 
10 melting point, with the present invention it is possible to reduce the purging 
operations with lower costs and without the risk of contaminating the plastic 
injected with remains of the high-melt plastic of any jigs that have possibly 
deteriorated; furthermore machine standstill and maintenance times are 
considerably reduced, since any deposits of solidified plastic present in a device 
15 according to the present invention do not have to be removed and replaced, or in 
any case can remain in the maintaining chamber 5 for much longer periods. 
Figures 3, 4 concern another two embodiments of a device for injection moulding 
according to the present invention. 

In the embodiment of Rgure 3 the edge of the open end of the tubular body 11, 
20 which forms the narrow section, has a substantially cylindrical shape instead of 
being bent towards the central longitudinal axis AL of the heating tip (Figure 1 A). 
In the embodiment of Figure 4 the edge of the open end of the tube 12, which 
forms the narrow section, is substantially bent towards the outside of the heating 
tip, opening out like a trumpet. 
25 The embodiments previously described can be modified and varied in numerous 
ways while remaining within the scope of the present invention. 
For example the moulding device can be applied also to the moulding of injectable 
materials other than plastic; the tube 1 of predefined length can be replaced by 
other containment devices designed to contain and guide the flow of material to be 
30 moulded, or injected, coming out of the outlet orifices 14 towards the injection hole 
6 at least as far as the narrow section; the tube 1 can form an integral part of the 
tip or fit on it throughout its length, or only for a part, it can have a cylindrical shape 
or another shape suitable for the purpose. The tube 1 can be fixed in various 
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ways: glued, crimped, screwed or interference fit. Inside the recess of the die 
several nozzle bodies 2 can be housed, and they can be combined with respective 
outlet or outflow orifices, from which the fluid plastic flows out. 
According to the application and the type of plastic to be injected, different nozzle 
5 configurations are possible while remaining within the scope of the invention. At 
the end of the body 2 one or more plastic outflow holes can be provided, and 
generally each hole is combined with a tip to transmit the heat received from the 
heated body 2 as near as possible to the injection hole. In some nozzle variations 
with one tip several outflow channels are combined. 

10 The tips can be located not only near the injection hole 6 and the free end of the 
bodies 2, but also in other areas of the bodies, for example near their base, or the 
plastic material to be injected can be introduced into the maintaining chamber or 
air space 5 by means of appropriate feed devices not necessarily the same, but 
also different, from the feed channel inside the body 2 which terminates in the 

15 outlet orifices 14. 
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CLAIMS 

1 . Injection device for moulding of plastic objects, comprising 

- a hollow die provided with a recess and one or more injection holes for plastic 
in an area of said recess, 
5 - an elongated body, positioned inside the recess, provided at one end with one 
or more tips, each tip being combined with at least one outflow orifice for plastic 
and with a respective injection hole for plastic, the body forming, with an internal 
wall in the recess itself, a ring-shaped air space, characterised in that 
the air space is provided with a narrow section which separates a portion of the air 
10 space distal from the injection hole, from an portion of the air space proximal to 
the injection hole, the area of the narrow section being substantially smaller than 
the respective areas of the sections of said proximal and distal areas. 

2. Device according to claim 1, comprising a tube of defined length fixed by a first 
end around said one or more tips, a second end of the tube being open and 

1 5 surrounding the at least one outflow orifice at a distance such as to leave a space 
for outflow of the plastic, thus containing and guiding the flow of plastic coming out 
of the at least one outflow orifice towards the at least one injection hole and in 
which the second end forms with the inner wall of the cavity said narrow section. 

3. Device according to claim 1 or 2, in which the open end of the tube has one of 
20 the following shapes: substantially cylindrical, bent towards the central longitudinal 

axis of the at least one tip, bent towards the outside of the tip. 

4. Device according to one or more claims from 1 to 3, in which the tube is 
adapted to heat the plastic in the distal area of the air space less than in the 
proximal area of the airspace. 

25 5. Device according to claim 4, characterised in that the tube has a substantially 
lower thermal conductivity than the body. 
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Fig.2 



Fig- 4 
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Fig. 6 
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